In order to study the effects of priming on seed germination and seedling growth of Cucurbita pepo under copper stress conditions, an experiment was conducted. Seeds of cucumber were soaked in aerated solution of GA3, 2 mM (hormonal priming) and in distilled water (hydro-priming). The results showed a trend of tolerance to the effects of copper at different concentrations on seed germination of Cucurbita pepo. The hydro-priming improved the morphology of germinated seeds in Cucurbita pepo. Similarly, it enhanced the tolerance index and the T/50 in the no stressed seeds by copper. Priming with GA3 at low dose had no effect on seed germination of this species.
INTRODUCTION
Seed germination is controlled by a number of mechanisms and is necessary for the growth and development of the embryo, resulting in the eventual production of a new plant. Under unfavorable conditions seeds may become dormant (secondary dormancy) to maintain their germination ability. However, when the conditions are favorable seeds can germinate [1] . One of the important strategies for increasing germination speed and germination percentage, to produce high quality seedling and plant optimal establishment is seed priming [2] . Priming is one of the seed enhancement methods that might be resulted in increasing seed performance (germination and emergence) under stress conditions [3] . Various seed priming techniques have been established and the best low cost methods like hydro-priming, priming with plant growth regulators, osmo-priming, solid matrix-priming, and bio-priming are practiced by framers in fields [4] . Nevertheless, seed priming with plant growth regulators has attained great consideration particularly with gibberellin. In fact, gibberellic acid (GA 3 ) is an essential tetracyclic diterpenoids plant hormone, which play important role in diverse key developmental processes throughout the plant life cycle, including seed germination, stem and root elongation, flowering, and fruit development [5, 6] . Copper is an ubiquitous pollutant in the environment due to the emission and atmospheric deposition of metal dust released by human activities. In addition, soils may contain elevated levels of copper because of its widespread use as a pesticide, land application of sewage sludges as well as mining and smelting activities [7] . Many scientists reported that germination assay is a basic procedure to determine the effects of Cu toxicity on different plant species [8] . The objective of this research was to evaluate the effect of hydro-priming and hormonal priming induced by GA 3 on seed germination of Cucurbita pepo under copper stress.
MATERIAL AND METHODS

Plant material and priming treatments
Seeds of Cucurbita pepo were soaked in distilled water (hydro-priming) and in a solution of GA 3 (2 mM) for 2h (25°C, dark). No-priming seeds (NP) were taken as a control. After the priming treatment, the seeds were washed with distilled water and dried on filter paper at room temperature (in the shade).
Stress induction
Seeds were allowed to germinate in plastic containers containing two layers of filter paper moistened with distilled water or a solution containing CuSO 4 ,5H 2 O with different concentrations (0, 200, 500, 1000 and 2000 µM).
The experiment was conducted in a growth chamber at 25 °C. Throughout the tests, periodic watering by tested solution has regularly maintained the imbibition of seeds. A daily germination count (every 2 hours) was carried out for 9 days. The germination percentage (GP) is the proportion, expressed as percentage of germinated seeds to the total number of viable seeds that were tested by following formula [9] : GP = the number of seeds germinated/total number of seeds × 100 Tolerance index was calculated using following formulae [10] : Fresh weight of stress seedling/Fresh weight of control seedling × 100 The time to 50% germination (T50) was calculated according to the following formula of Coolbear et al. [11] modified by Farooq et al. [12] : T50 = t i + {(N/2) − n i } (t i − t j )/n i − n j Where N is the final number of germination and n i , n j cumulative number of seeds germinated by adjacent counts at times t i and t j when n i <N/2< n j .
Statistical analysis
The data was submitted to statistical analysis by using analysis of variance one-way ANOVA Statistica 8 (Statsoft). Tukey's HSD test was performed to define which specific mean pairs were significantly different at p < 0.05.
RESULTS
Seedling morphology
Concerning the effect of copper stress on the morphology of germinated seeds, our results indicated that the variations depend on the pretreatment applied. Indeed, the no priming seeds showed reductions in the hypocotyl and root growth with a reduction in the root branching ( Fig. 1) by increasing Cu concentrations in the medium. Figure1. Morphological aspect of germinated seeds per-sowed with no priming, hydro-priming and GA 3 priming in Cucurbita pepo treated with copper.
In the case of hydro-priming, the effect of copper stress on the branching of roots was significantly attenuated and the morphology of germinated seeds was improved. Whereas, the hormonal priming induced by GA 3 did not have a significant effect on the morphology of germinated seeds at 2 mM. (Fig. 1) .
Percentage of germination
Results of the experiments showed that the percentage of germination in Cucurbita pepo was improved by elevation of copper concentration in the medium (Fig. 2) . The increase has reached about 40% at 1000 μM of Cu. At higher concentration, 2000 µM, the stimulatory effect of copper on the percentage of germination was slightly repressed.
The results show that the hydro-priming did not have a significant effect on the seed germination of Cucurbita pepo either as compared to control or as compared to seeds treated with copper. Similarly, the results showed that the percentage of seed germination in Cucurbita pepo was not influenced by hormonal priming with gibberellic acid at 2 mM. Figure2. Seeds germination per-sowed with no priming, hydro-priming and GA 3 priming in Cucurbita pepo treated with copper.
Tolerance index and T/50
Results show a significantly decrease in the tolerance index in the no priming seeds of Cucurbita pepo in the presence of 200 μM of copper (Tab.1). Similarly, the T50 was decreased by elevation the concentration of copper in the medium. 
DISCUSSION
Generally, Cu stress leads to reduced germination rate and induces biomass mobilization by release of glucose and fructose thereby inhibiting the breakdown of starch and sucrose in reserve tissue [13] . Similarly, Cu toxicity inhibits seed germination by down-regulating activity of alpha-amylase or enolase. It has been reported to affect overall metabolism, water uptake and failure to mobilize reserve food [14] . Our results showed that the percentage of germination in Cucurbita pepo was improved with the increase of copper concentration in the medium. The increase has reached about 40% at 1000 μM of Cu. Similarly, plant tolerance index showed viability against Cu metal in Cucurbita pepo. Munzuroglu and Geckil [15] signaled that the germination rate increased substantially in cucumber seeds treated with 8.0 mM of copper when compared to control seeds at further incubation periods (48 and 72 h). For example the germination rate varied from 5% to 58% at 24 h and 72 h, respectively. On the contrary, Aydin et al. [16] reported that treatment with different concentrations of copper (40, 80, 160, 240, 320, and 640 mg/L) caused a decrease/delay in germination of the Cucumber (Cucumis sativus L.) to different extents. They was shown displayed abnormalities in germination and also changes in weight.
Results have revealed that copper stress affect the morphology of germinated seedlings in Cucurbita pepo. Results described in this work are in compliance with other previously described in Cucumber plants [7] and maize plants [17] exposed to excessive copper doses. We then studied the effect of priming on the germination seeds of Cucurbita pepo treated or no with increasing doses of copper.
Seed priming is an effective, practical and facile technique to enhance rapid and uniform emergence, high seedling vigor, and better yields in vegetables and many field crops particularly under unfavorable environmental conditions [18, 19] . It is a technique that can be applied to improve germination and growth in TME-contaminated areas [20] . Usually, the germination process is induced by soaking seeds in water (hydropriming) or in solutions containing exogenous molecules such as salts [21] , metals [22] or hormones [23] . Similar to other priming techniques, hydropriming generally enhances seed germination and seedling emergence [24] . This simple, low-cost, low-risk intervention also had positive impacts on the wider farming system and livelihoods and the technology has proved highly popular with farmers [25] . In the present work, we noticed that hydropriming does not improve the germinative quality of cucumber seeds treated or no with toxic doses of copper. Besides hydropriming, we have used hormopriming. In fact, growth hormone is normally used for seed priming, including auxin, abscisic acid, polyamines, ethylene, salicylic acid and ascorbic acid [26] . Primed seeds with gibberellic acid usually increases the emergence, growth and extensive of root systems [27] . Further, seed priming with gibberellic acid accelerates flowering, maturity and yield of plants [28] . The results showed that the percentage of seed germination in Cucurbita pepo was not influenced by hormonal priming with gibberellic acid at 2 mM. Results described in this work are in agreement with other previously described. In fact, Ghodrat and Rousta [29] signaled that priming with GA 3 (1.5, 2.5 and 5 mg.L -1 ) had no effect on seed germination in Zea mays, but it could increase shoot length, root length, dry weight, fresh weight and tissue water content. On the other hand, Naeem and Muhammad [30] reported that priming with higher concentrations of GA 3 had good effect on germination and growth of cereal. Result suggests that hormonal pretreatment of seeds should be done with higher concentrations of GA 3 within a range that could define the best rates with a positive effect on germination seeds.
CONCLUSION
In conclusion, copper stress, mainly at 1000 µM, increased seed germination in Cucurbita pepo. In fact, a trend of tolerance to the effects of copper seed germination of this species was observed. Similarly, plant tolerance index showed viability against Cu metal. The hydropriming improved the morphology of germinated seeds in Cucurbita pepo. Similarly, it enhanced the tolerance index and the T50 in the no stressed seeds by copper. Priming with GA 3 at low dose had no effect on seed germination of cucumber. Result suggests that hormonal pretreatment of seeds should be done with higher concentrations of GA 3 .
